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[57] ABSTRACT 
A multiplex transmission system according to this in 
vention includes a plurality of multiplex nodes con 
nected to one another via a common multiplex bus, for 
effecting data transfer between the nodes. When recep 
tion nodes correctly receive data transmitted from one 
of the nodes for each frame, each of the reception nodes 
returns an ACK signal to the multiplex bus, registers all 
of the nodes connected to the multiplex bus into the 
ACK table in response to the ACK signal, and effects 
the ACK management. In this case, for example, if a 
door FR multiplex node causes an interruption to trans 
mit a frame while an air-conditioning unit multiplex 
node is retransmitting a frame, the air-conditioning unit 
multiplex node effects the ACK management without 
regarding the ACK signal for the interruption frame as 
an object of the updating logic of its own ACK table. 

5 Claims, 5 Drawing Sheets 
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MULTIPLEX TRANSMISSION SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a multiplex transmission _ 

system utilizing a so-called CSMA/CD (Carrier Sense 
Multiple Access/Collision Detection) transmission sys 
tem. 

2. Description of the Related Art 
This type of transmission system includes a nonde 

structive arbitration type CSMA/CD access system 
used for multiplex transmission for cars as shown in 
FIG. 1, for example. 

In the above system, a network is constructed by 
connecting a plurality of multiplex nodes such as a 
meter multiplex node 11, an air-conditioning unit multi 
plex node 12 for controlling the air conditioner in the 
car, an air—conditioning switch multiplex node 13 for 
controlling the operation switches of the air condi 
tioner, a door FL (front left) multiplex node 14 and a 
door FR (front right) multiplex node 15 to one another 
via a common multiplex transmission path (multiplex 
bus) 16 constructed by paired electric lines. 
The above multiplex nodes each include a computer 

for communications and the computers are operated 
independently of one another. Each computer transmits 
signals representing vehicle driving information serially 
to the multiplex bus in units of data frame at a desired 
timing and in a multiplex mode. 
For this reason, contentions of messages may occur 

on the multiplex bus, and in order to resolve the conten 
tion, priorities are assigned to the messages in the com 
ventional system. Each computer effects the priority 
control according to the transmission procedure based 
on the assigned priorities without destroying the mes 
sage. That is, each computer automatically interrupts 
the transmission of a lower-priority message based on 
the priority control and continuously effects the trans 
mission of a higher priority message. 
Each of the multiplex nodes 11 to 15 returns an ACK 

signal (acknowledge signal) to the storage location of 
the frame corresponding to a corresponding one of 
inherent addresses assigned to the respective nodes 
when reception of data is normally completed. In an 
embodiment, the respective nodes are assigned with the 
inherent addresses 1 to 5, and the meter multiplex node 
11, air-conditioning unit multiplex node 12, air-condi 
tioning switch multiplex node 13, door FL multiplex 
node 14 and door FR multiplex node 15 respectively 
return ACK signals in response to ACKl to ACKS, for 
example. 
The above multiplex transmission system has a sys 

tem construction as is disclosed in US Pat. No. 
4,95l,28l, for example. In the multiplex transmission 
system, each of the multiplex nodes has an ACK table 
and registers all of the nodes connected to the multiplex 
bus into the ACK table in response to the returned 
ACK signal. Each of the multiplex nodes effects the 
ACK management operation based on the ACK manag 
ing function for newly registering a multiplex node 
corresponding to the returned ACK signal when the 
number of returned ACK signals is increased, and can 
celing the registration of a multiplex node when the 
multiplex node does not return an ACK signal even if 
data is repeatedly transmitted thereto a preset number 
of times. 
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2 
In the above multiplex transmission system, a prob 

lem arises when a multiplex node interrupts and starts to 
transmit a frame while another multiplex node is re 
transmitting data. Namely, an ACK signal may be re 
turned from the node to which data is being retransmit 
ted to the interrupt frame. This ACK signal is normal as 
far as the retransmitted data is concerned, but it causes 
a situation similar to that where an ACK signal is gener 
ated due to noise. In the case of the above multiplex 
transmission system for cars, the relationship between 
the transmission nodes and the ACK return nodes is 
established as shown in the following Table l, for exam 
ple. 

TABLE 1 
ACK return node 

Air 
con 

ditioning 
switch 

Air. 
con 

ditioning 
unit 

Transmission 
node 

Door 
Meter FL 

(1) Meter 
(2) Air 
conditioning 
unit 
(3) Air 
conditioning 
unit re 
transmission 
(4) Door FR 
(5) Air 
conditioning 
unit re 
transmission 
(6) Air 
conditioning 
unit re 
transmission 

O 
O 

O 
O 

O 
O o 00;}? 

O O O 

00 OO '00 ><O OO 

In this case, the mark Q indicates that an ACK signal 
is returned and the mark it indicates that an ACK signal 
is not returned. 
At the time of transmission by the meter multiplex 

node 11, the ?ve multiplex nodes 11 to 15 return ACK 
signals. For this reason, all of the nodes 11 to 15 are 
registered. Next, at the time of transmission by the air 
conditioning unit multiplex node 12, the door FL multi 
plex node 14 does not return an ACK signal. Therefore, 
the air-conditioning unit multiplex node 12 effects the 
first retransmission, but before the retransmission is 
completed, a frame from the door FR multiplex node 15 
having the higher priority than a frame from the air 
conditioning unit multiplex node 12 causes an interrup 
tion. If, in this case, the door FL multiplex node 14 
returns its ACK signal in response to the interruption 
frame, all nodes register the door FL multiplex node in 
their ACK tables. As a result, the air-conditioning unit 
multiplex node 12 stops the retransmission, and since 
the retransmission is stopped, some nodes cannot re 
ceive the data from the air-conditioning unit multiplex 
node 12. Further, an abnormal node in the network 
cannot be detected. . 

That is, in this case, the node which does not detect 
the abnormal node (door FL multiplex node 14) effects 
the retransmission without fail. For this reason, in this 
example, the possibility of collision of messages be 
comes high and the data transmission amount, that is, 
the traf?c amount is increased so that it may take a long 
time to transmit the message. Further, if the above con 
dition occurs when the car driving operation is con 
trolled while the car engine control unit and suspension 
control unit communicate with each other, a certain 
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node detects the abnormal condition and starts to effect 
the degradation control and other nodes effect the same 
control operation as in the normal state, and as a result, 
the performance of the car may be signi?cantly deterio 
rated. 

SUMMARY OF THE INVENTION 

This invention has been made in view of the above 
problems and an object of this invention is to provide a 
multiplex transmission system capable of effecting the 
highly reliable ACK management operation. 
The above object can be attained by a multiplex 

transmission system which comprises a plurality of 
nodes connected to one another via a common transmis 
sion path, wherein when a reception node correctly 
receives data transmitted from one of the nodes for each 
frame, each of the nodes returns a reception recognition 
signal to the transmission path, at least one of the nodes 
registers all of the nodes connected to the transmission 
path into registration means in response to the returned 
reception recognition signal, controls the reception 
recognition and changes the updating logic of the regis 
tration means in a case where another node causes an 
interruption to transmit a frame while the transmission 
node is retransmitting the frame. 
According to the above multiplex transmission sys 

tem, the ACK management operation is restricted when 
the ACK signal is returned in response to the frame 
retransmission, and when another node causes an inter 
ruption to transmit a frame, each of the multiplex nodes 
changes the updating logic of the ACK table which is 
the registration means. As a result, an abnormal node 
can be detected without fail, the possibility of collision 
of messages can be decreased, and the traffic amount of 
can be reduced. , 

Preferably, when a node transmits a frame during the 
frame retransmission by another transmission node, at 
least this transmission node effects the ACK manage 
ment so as not to effect the additional registration of the 
node into the ACK table corresponding to the frame. 
As a result, the ACK management can be stably ef 
fected by use of the multiplex transmission system even 
when an error caused by the influence of noise occurs in 
the content of the frame to set the same condition as that 
set when an ACK signal is returned. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a system construction diagram showing a 
multiplex transmission system for cars using the nonde 
structive arbitration type CSMA/CD access system; 
FIG. 2 is a diagram showing an example of the mes 

sage format of a data frame; 
FIGS. 3(a) and 3(b) are diagrams showing a ?rst 

embodiment of the updating state of an ACK table of 
the multiplex transmission system according to this 
invention; 
FIG. 4 is a diagram showing an example of the con 

struction in which two ACK tables are provided in the 
multiplex node; and 
FIGS. 5(a) and (b) are diagrams showing a second 

embodiment of the updating state of an ACK table of 
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the multiplex transmission system according to this ' 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The system construction of a multiplex transmission 
system for cars using the nondestructive arbitration 
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4 
type CSMA/CD access system is the same as the con 
ventional construction shown in FIG. 1 and the ACK 
management is effected not only at the time of frame 
transmission but also at the time of frame reception. The 
ACK table used for the ACK management is, in this 
example, made to be the same as the ACK table used for 
the transmission, for economical purposes such as re 
duction of the manufacturing cost and the like. Further, 
each of the multiplex nodes has ACK table updating 
counters which correspond in number to the maximum 
number of nodes which can be connected to the net 
work, and therefore, each multiplex node can detect the 
abnormal state of the node as soon possible. 

Further, as shown in FIG. 2, the message format of a 
data frame transmitted by means of the above network 
is constructed by a message format which is normally 
transferred in the multiplex transmission system. That 
is, the data frame is constructed by SOM (Start Of Mes 
sage) indicating the start of the message, priority (PR1) 
for determining the priority of a plurality of multiplex 
nodes when the multiplex nodes simultaneously trans 
mit data items to the multiplex bus, message ID indicat 
ing the contents of succeeding data items (DATA), 
control data area (CONT) containing data indicating 
the data length, data areas (DATA! to DATA4) having 
the length (variable length) indicated by CONT, error 
check code such as CRC, EOD (End Of Data) indicat 
ing the end of data, ACK signal area for storing ACK 
signals returned from the individual multiplex nodes in 
bit-by-bit correspondence, and EOM (End Of Message) 
indicating the end of the message. 

Next, the updating of the ACK table by the ACK 
management function of the above system will be ex 
plained with reference to FIG. 3 which shows a regis 
tration means formed by a storage device for storing 
ACK tables. The ACK management operation of this 
system according to the first embodiment is hereinafter 
described on the assumption that the air-conditioning 
unit multiplex node 12 is a transmission or sending node. 
Suppose that the frame retransmission by the transmis 
sion node 12 is interrupted by a frame from the door FL 
multiplex node 14. In this case, even if extra ACK sig 
nals are returned from the multiplex nodes in response 
to the interrupt frame (see Table 1), the transmission 
multiplex node changes the updating logic such that the 
extra signals are ignored and are not re?ected in the 
updating of the ACK table. In this case, the number of 
retransmission operations is set to 3. 

In FIG. 1, the meter multiplex node 11 effects the 
frame transmitting operation of transmitting a frame via 
the multiplex bus 16. Since the ?ve multiplex nodes 11 
to 15 return ACK signals in response to the frame trans 
mission (refer to (l) in Table 1), all of the multiplex 
nodes that return the ACK signals are registered into 
the ACK table of each of the multiplex nodes connected 
to the multiplex bus 16 (refer to FIG. 3(a)). Next, if the 
door FL multiplex node 14 does not return an ACK 
signal at the time of frame transmission by the air-condi 
tioning unit multiplex node 12 (refer to (2) in Table l), 
the air-conditioning unit multiplex node 1i retransmits 
the frame. 

In this case, assume that a frame of the door FR multi 
plex node 15 having the higher priority than the frame 
of the air-conditioning unit multiplex node 12 causes an 
interruption before the retransmitting operation is com 
pleted and the door FL multiplex node 14 returns the 
ACK signal for the frame (refer to (4) in Table I). In this 
case, the multiplex nodes except the air-conditioning 
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4 unit multiplex node 12 register the ACK signal into the 
respective ACK tables as an object subjected to the 
ACK management. However, since the air-condition 
ing unit multiplex node 12 neglects the ACK signal for 
the frame which causes an interruption in the retrans 
mitting operation even if the number of the ACK sig 
nals is increased, it does not regard the ACK signal 
returned by the door FL multiplex node 14 as an object 
which causes the ACK table to be updated. That is, 
since the door FL multiplex node 14 does not return an 
ACK signal by four successive times in the frame trans 
mission by the air-conditioning unit multiplex node 12 
in the cases (2), (3), (5) and (6) of Table l, the ACK table 
of the air-conditioning unit multiplex node 12 is updated 
at the time of completion of the retransmission in the 
case (6) of Table l as shown in FIG. 3(b). 

Therefore, in this embodiment, even if an ACK signal 
is returned from each of the multiplex nodes in response 
to the frame transmitted from a multiplex node which 
causes an interruption in the frame retransmitting opera 
tion by the transmission multiplex node, it does not 
regard the ACK signal as an object which causes the 
ACK table to be updated, and as a result, the transmis 
sion multiplex node can detect that the ACK signal is 
not returned by four successive times at the time of 
completion of the retransmitting operation and can 
update the ACK table without fail. Consequently, an 
abnormal node can be detected without fail, the possi 
bility of collision of messages can be lowered and the 
traffic amount can be reduced. Further, the ACK man 
agement can be attained, for example, even if an error 
caused by the in?uence of noise inherent to the car 
occurs in the content of the frame to set the same condi 
tion as that set when an ACK signal is returned. 

In the ?rst embodiment described above, since the 
number of counters for updating the ACK table of each 
of the multiplex nodes must be set equal to the number 
of nodes connected to the network, a relatively large 
number of gates may be necessary. Therefore, as a more 
preferable example of this invention, each of the multi 
plex nodes is designed to have a node managing ACK 
table 20 and a retransmission controlling ACK table 21 
as shown in FIG. 4. In this embodiment, the operations 
of registering and updating the ACK tables 20 and 21 in 
response to an ACK signal received from the multiplex 
bus are effected under the control of a communication 
IC 22 and the ACK management operations are sepa 
rately effected. The ACK management may be carried 
out internally of the CPU. 
That is, the communication IC 22 effects the ACK 

management operation for the node managing ACK 
table 20 for each frame by comparing the ACK in the 
frame with the ACK registered in the ACK table 20. 
For example, if an ACK of a node B is set into the 
absent state while a counter provided in the communi 
cation IC 22 is counting the ACK-absent state of a node 
A in the node managing ACK table 20, the counter 
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starts to count the node B, after it has counted the ACK- - 
absent state of the node A. With this design, the com 
munication IC 22 is only required to have a single 
counter for the node management and the number of 
gates can be reduced. 

Further, in the transmission multiplex node, the com 
munication IC 22 causes ACK registered in the node 
managing ACK table 20 to be loaded into the retrans 
mission controlling ACK table 21 at the transmission 
starting time. Then, the communication IC 22 counts 
the number of retransmissions by use of the counter 

60 

based on the ACK registered in the retransmission con 
trolling ACK table 21 until an ACK signal is returned 
from all of the nodes connected to the network by at 
least one time, and effects the retransmissions a preset 
number of times, for example, three times. As a result, 
the communication IC 22 is only required to have a 
single counter for the retransmission control and the 
number of gates can be reduced. 

Next, the updating state of the ACK table attained by 
the ACK managing function of this system is explained 
with reference to a second embodiment shown in FIG. 
5. As shown by an example of Table 2, in this embodi 
ment, in a case where an ACK signal is not returned 
from a predetermined node (air-conditioning switch 
multiplex node 13) while the air-conditioning unit mul 
tiplex node 12 is transmitting a frame and when an ACK 
signal including an ACK signal for the frame of the 
door FR multiplex node 15 which has caused an inter 
ruption is not returned a preset number of successive 
times, the ACK table 20 is updated. In this embodiment, 
the number of retransmissions is set to 3. 

TABLE 2 
ACK return node 

Air- Air 
con- con 

Transmission ditioning ditioning Door Door 
node Meter unit switch FL FR 

(1) Meter 0 O O O O 
(2) Air- 0 o X 0 O 
conditioning 
unit 
(3) Door FR 0 Q X 0 O 
(4) Door FR 0 O X 0 O 
retrans 

mission 
(5) Door FR C) O X 0 O 
retrans 
mission 
(6) Door FR O O X 0 0 
retrans 

mission 
(1) Air- 0 o X o o 
conditioning 
unit re 
trans 

mission 
(8) Air- 0 o X o o 
conditioning 
unit re 
trans 
mission 
(9) Air- 0 O X 0 o 
conditioning 
unit re’ 
trans 

mission 

In FIG. 1, the meter multiplex node 11 effects the 
frame transmission operation of transmitting a frame via 
the multiplex bus 16. Since the ?ve multiplex nodes 11 
to 15 return ACK signals in response to the frame trans 
mission (refer to (l) in Table 2), all of the multiplex 
nodes that return the ACK signals are registered in the 
node managing ACK table 20 in each of the multiplex 
nodes (refer to FIG. 5(a)). Next, if the air-conditioning 
switch multiplex node 13 does not return an ACK signal 
in response to the frame transmission by the air-condi 
tioning unit multiplex node 12 (refer to (2) in Table 2), 
the air-conditioning unit multiplex node 12 tries to re 
transmit the frame. 

In this case, if a frame of the door FR multiplex node 
15 having the higher priority than the frame of the 
air~conditioning unit multiplex node 12 causes an inter 
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ruption before the retransmitting operation and the 
air-conditioning switch multiplex node 13 does not re 
turn the ACK signal for the frame (refer to (3) in Table 
2), then the door FR multiplex node 15 retransmits the 
frame. 

Since the door FR multiplex node 15 does not update 
its own node managing ACK table 20 at the time of (3) 
in Table 2, the door FR multiplex node 15 loads the 
content registered in the ACK table 20 shown in FIG. 
5(a) into its own retransmission controlling ACK table 
21. Then, the door FR multiplex node 15 continuously 
effects the retransmissions by three times as shown by 
(4) to (6) in Table 2. 

In all of the multiplex nodes 11, 12, 14 and 15 other 
than the air-conditioning switch multiplex node 13, it is 
determined at the time of completion of the retransmis 
sion shown by (5) of Table 2 that the ACK signal is not 
returned from the air-conditioning switch multiplex 
node 13 by four successive times. Then, the multiplex 
nodes 11, 12, 14 and 15 determine that the air-condition 
ing switch multiplex node 13 is set in the abnormal state, 
and as shown in FIG. 5(1)), update their own node man 
aging ACK tables 20 to remove the air-conditioning 
switch multiplex node 13. However, since the counter 
in the air-conditioning unit multiplex node 12 does not 
count the number of retransmissions, it can hold the 
three retransmissions of (7) to (9) in Table 2. 

Thus, in this embodiment, since the ACK table can be 
updated even in the frame retransmission at the time 
when an ACK signal is not returned, each of the multi 
plex nodes can detect the multiplex node set in the 
abnormal state at an earlier time in comparison with a 
case of the ?rst embodiment, thereby making it possible 
to enhance the reliability of the system. Further, the 
number of counters required for each multiplex node is 
two for node management and retransmission control 
and the number of gates can be reduced. 
For example, in order to reduce the circuit scale in 

this invention, an ACK table can be commonly used for 
node management and retransmission control, and in 
this case, it becomes necessary to reset the counter at 
the transmission starting time. 
What is claimed is: 
1. A multiplex transmission system comprising: 
a plurality of nodes, 
common transmission path means for connecting said 

nodes to each other so as to effect data transmission 
between said plurality of nodes, 

wherein each of said nodes returns a reception recog! 
nition signal to said transmission path means when 
a respective reception node normally receives data 
transmitted from any one of said nodes for a frame, 

at least one of said nodes including: 
table means for managing the state of each node 

connected to said transmission path means, and 
means for: 

registering a corresponding node in said table 
means when the reception recognition signal is 
returned for receipt in each said frame, and 

removing said corresponding node from said 
table means in the case where the node which 
does not receive said reception recognition 
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8 
signal exists even if the frame is retransmitted 
a predetermined number of times, and 

wherein updating registration of a node into said 
table means in response to the received frame 
is not executed in the case where during re 
transmission of said frame, a frame transmitted 
from another node interrupts. 

2. A multiplex transmission system comprising: 
a plurality of nodes, 
common transmission path means for connecting said 

nodes to each other so as to effect data transmission 
between said plurality of nodes, 

wherein each of said nodes returns a reception recog 
nition signal to said transmission path means when 
a respective reception node normally receives data 
transmitted from any one of said nodes for each 
frame, and 

at least one of said nodes including: 
?rst table means for managing the state of each 
node connected to said transmission path means, 

second table means for controlling retransmission 
of said frame when said reception recognition 
signal is not returned, and 

means for: 
registering a corresponding node in said ?rst 

table means when the reception recognition 
signal is normally received for receipt of said 
frame, and 

removing said corresponding node from said 
?rst table means in the case where the node 

, which does not continuously return said re 
ception recognition signal a predetermined 
number of times exists even if the frame is 
transmitted, and 

wherein when said frame is transmitted, retrans 
mission of said frame is executed the predeter 
mined number of times untilv said reception 
registration signal is returned from all nodes 
registered in said second table‘means. 

3. A multiplex transmission system according to 
claim 2, wherein at least one of said nodes loads con 
tents of said ?rst table means into said second table 
means at the start of a frame transmission, and executes 
a control of the frame retransmission. 

4. A multiplex transmission system according to 
claim 2, wherein at least one of said nodes compares the 
state of the reception recognition signal in said frame 
with the content of said ?rst table means for receipt of 
the frame, and executes an ACK management opera 
tion. 

5. A multiplex transmission system according to 
claim 4, wherein at least one of said nodes includes 
counter means for counting an absent state of the recep 
tion recognition signal from a determined multiplex 
node on the basis of a result of the comparison of the 
state of the reception recognition signal in said received 
frame and the contents of said ?rst table means, and for 
counting an absent state of the reception recognition 
signal from another said node after the absent state of 
the reception recognition signal from said determined 
multiplex node is counted if an absent state of the recep 
tion recognition signal from another multiplex node is 
set during counting, to effect said ACK management 
operation. 
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